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The  introduotion  of  Tantalum  filament  lamps  in 
1906  gave  a  great  impetus  to  the  lamp  industry.  The 
Tantalum  filament  changes  its  physical  structure  dur- 
ing use,  losing  its  smooth,  uniform  surface,  and  he- 
coming  rough,  off  set,  and  "brittle.  This  change 
takes  place  more  rapidly  on  alternating  than  on  di- 
rect current  circuits.  Ahout  two  years  later,  the 
lighting  industry  received  another  advance  in  the 
shape  of  the  Tungsten  filament  laoip.  This  lamp  at 
JU£5  watts  per  candle  power  means  a  lamp  over  200 
times  as  good  as  a  standard  carhon  lamp,  each  with 
normal  life.    Tungsten  lamps  of  6  to  20  volts 
have  short,  thick  filaments  and  are  very  long  lived 
and  satisfactory.  The  low,  specific  resistenoe  of 
the  Tungsten  gives  the  filament  a  very  deslrshle 
dimensions,  this  advantage  has  caused  a  large  in- 
crease in  the  use  of  low  voltage  lamps  for  many  pur- 
poses, especially  for  residence  lighting  systems  of 
from  27  to  60  volts.   The  low  voltage  lamps  having 
a  heavier  filament  for  the  same  candle  power,  are 
more  durahle  than  the  lighter  filament  of  the  stand- 
ard voltage  lamp.  The  longer  life  of  this  filament 


is  due  to  the  greater  diameter  and  shorter  length, 
for  the  thicker  filament  is  less  effected  "by  minute 
imperfections,  and  has  proportionately  less  chance 
of  containing  such  imperfections. 

The  ohject  of  the  Rotary  Transformer  for  di- 
rect current  work  is  to  oomhine  in  one  highly  ef- 
ficient machine,  the  advantages  of  low  voltage  sys- 
tems, motor-generator  sets,  and  dynamotor  sets,  at 
low  cost,  low  weight,  small  floor  space,  and  sim- 
plicity. It  must  meet  the  requirements  for  the 
lighting  of  Shops,  Hotela,  Theatres,  and  Concert 
Halls,  with  metal  filament  or  arc  lamps.  Hotary 
Transformers  are  adapted  for  balancers  on  three- 
wire  systems,  storage  battery  charging  and  multiple 
unit  train  control. 

Up  to  the  present  bime  there  has  been  advanced 
two  theories  for  accomplishing  this  with  the  use  of 
one  commutator  and  one  rotating  member.  These  have 
been  advanced  by  the  Qreneral  Electric  Company  of 
America,  and  Crompton  &  Co.,  Ltd.,  of  London,  Eng- 
land. 
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Tiie  General  Eleotrio   method  oomprlses  a  plur- 
ality of  field  poles,  a  corresponding  plurality  of 
■brushes  disposed  about  a  oommutator.  The  respective 
disposition  of  said  poles  about  the  armature  is  such 
as  to  form  two  magnetic  circuits  as  given  in  the  ac- 
companying diagram,  (Fig.  I. ),  of  the  iitow  Motor.  The 
shunt  fields  are  arranged  to  form  two  parallel  oir- 
ouits,  each  containing  its  regiQating  rheostat.  For 
the  purpose  of  safety  to  the  machine,  these  rheostats 
are  arranged  so  that  when  one  is  cut  out  the  other  is 
out  entirely  in,  they  being  so  constructed  that  the  po- 
sition of  one  cannot  be  changed  without  producing  a 
correspondingly  opposite  change  in  the  position  of 
the  other.   The  motor  and  generator  field  poles  are 
placed  diametrically  opposite  to  prevent  the  magnetic 
drag.  The  brushes  of  the  motor  bear  upon  the  commu- 
tator diametrically  opposite,  supplying  power  to  the 
rotating  member.  The  generator  brushes  are  placed 
diametrically  upon  the  same  commutator;  their  posi- 
tion may  or  may  not  be  fixed  with  respect  to  the 
motor  brushes.  The  load  is  connected  between  these 
two. brushes.  The  chaage  of  potential  on  the  load 
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side,  "being  accompli  shed  by  adjusting  the  field  rhe- 
ostats. 

The  machine  as  applied  to  the  method  of  Cromp- 
ton  &  Co.,  consists  essentially  of  two  independent 
magnetic  circuits,  with  permantly  connecten  shunt 
windings  in  series;  a  regiilatind  rheostat  may  or  may 
not  "be  inserted.  Each  of  these  magnetic  circuits  is 
capable  of  running  the  machine  independent  of  the 
other.   It  will  "be  noted  from  the  diagram  that  north 
and  south  poles  of  the  motor  have  adjacent  north  or 
south  poles  in  the  generator  portion.  The  motor 
hrushes  are  in  a  fixed  position  on  the  vertical  diam- 
eter of  the  commutator,  and  are  connected  to  the  line 
throtigh  a  starting  rheostat.   The  generator  "brushes 
are  each  independent  and  movable  in  the  case  of  a  var- 
iable voltage  and  fixed  in  a  constant  voltage  machine 
at  eqaal  distances  magnetically  on  either  side  of  the 
motor  brushes.   The  generator  brushes  are  each  con- 
nected through  a  ctnqpoiind  winding  to  a  common  point, 
forming  short  circuited  brushes.  The  load  is  connect- 
ed between  this  junction  and  either  side  of  the  supply 
line,  as  shown  in  the  diagram,  (Fig.  4.). 
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The  first  type  of  maohlne,  taken  in  consider- 
ation in  this  report,  was  a  variable  speed  atow  Mo- 
tor, fbl3,  llO  volts,  6  H.  P.,  680  -  1510  r.p.m., 
ohosen  because  of  the  lap  winding  of  the  armature, 
and  adaptability  of  the  yoke  tod  brush  gear.  Con- 
nections were  made  as  in  figure  I.  The  brushes 
(a,  a)  were  made  the  motor  brushes.  The  current 
being  led  through  the  starting  rheostat  from  a 
single  pole,  single  throw  switch  in  the  line.  The 
double  pole,  single  throw  main  line  switch  being 
closed,  excites  the  motor  field  to  its  maximum  val- 
ue through  the  main  field  rheostat.  The  generator 
field  rheostat,  having  all  its  resistence  cut  in, 
excites  the  generator  field  colls,  to  a  very  low 
value.  The  motor  having  been  brought  up  to  speed  and 
thrown  on  to  tne  line,  the  double  pole,  single  throw 
load  switch,  connecting  .  ''h  the  brushes  (b,  b)  to 
the  load, was  closed.    The  voltage  regulation  then 
consisted  of  the  field  rheostat  regulation.  Ammeters 
were  placed  in  each  lield  circuit,  main  circuit,  and 
load  circuit.   Volt  meters  were  placed  acrossed  the 
line  and  generator  brushes  (b,  b),  to  measure  input 
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and  output  voltage.   Bo  speed  reoording  device  was 
used. 

This  method  did  not  prove  entirely  satisfactory. 
The  machine  raoed  dangerously  when  the  load  was  applied; 
this  is  due  to  the  faot  that  the  pole  flux  remained  at 
a  praotioally  constant  value,  with  a  large  increase  of 
current  through  portions  of  the  armature  curouit. 

olnoe  1 


H  1 

when  I  «  Current 
i*  =  Force 

H  =  Field  wtrengxh 
1  =  Length  of  Inductor 

Any  increase  in  I^  will  produce  a  corresponding  in- 
crease in  F;  H  and  i,  remaining  constant,  therefore  the 
result  of  thia  increased  force  is  increased  speed. 

Serious  sparking  occur ed  at  all  brushes,  partly 
due  to  the  inductors  of  the  drum  winding,  where  each 
coil  had  a  pitch  of  one  pole,  and  partly  due  to  magnetic 
leakage.  There  oceureed  a  rapid  rise  in  temperature  of 
hoth  armature  and  commutator  due  to  sparking  at  the  com- 
mutator and  conduction  into  the  armature  core.  Also  to 
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it. 


heavy  ourrenta  in  portions  of  the  rotating  memher. 
In  this  particular  type  of  motor  the  hearings 
were  oarrled  in  heavy  oast-iron  arms  whloh  connected 
the  yo^e  across  the  generator  field  poles,  restating 
In  a  large  leakage  flux*   Leakage  flux  between  poles 
was  so  great  that  the  effect  of  field  regulation  was 
very  small*  Pata  ohtained  from  the  leakage  test  using 
one  loop  of  wire  around  the  part  to  be  tested,  connec- 
ted to  a  milivoit  meter  showed  the  following  results: 
Position  1,  "between  3  motor  and  H  Generator  field, 

2  m.v. 
Position  2,  "between  H  motor  and  H  generator  field, 

11.6  m.v. 
Position  3,  between  U  motor  and  s  generator  field, 

4  m.v. 
Position  4,  between  o  generator  and  a  motor  field, 

13  m.v. 
The  arms  giving  respectively  18  and  14  mill  volts. 

The  results  of  tne  test  upon  tne  atow  motor  show  a 
high  efficiency  considering  the  troubles  met  with  in  its 
construction,  but  the  efficiency  is  below  practical  op- 
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eratlon.  The  load  voltage  is  very  unstaDle,  with 
an  increase  of  load  there  is  a  corresponding  decrease 
in  voltage.  This  ranges  from  117  volts  at  0  to  43,6 
volts  at  38.5  amperes,  the  motor  voltage  varying  hut 
slightly  with  an  increase  of  onrrent.   These  results 
are  plotted  on  the  aoiSompanying  curve  sheet. 

The  second  test  was  performed  on  the  six  phase. 
General  Bleotric  Rotary  Converter, #17721,  Type  A.C.S*, 
Form  A,  Class,  4  -  10  -  750,  Speed  750,  Constant  Cur- 
rent 80  amperes,  at  1E5  volts.  Alternating  Current  25 
oyoles,  85  volts. 

The  slip  rings  of  the  rotary  were  electrically 
disconnected,  and  the  loose  ends  of  the  armature  se- 
curely ta.p  ed  to  prevent  short-oiircuiting  of  the  in- 
ductors.  The  lower  two  poles  of  the  frame  were  selec- 
ted as  the  generator  poles  and  a  series  winding  of  twen- 
ty-four turns  of  #8  douhle  cotton  covered  wire  was  placed 
on  each, as  shown  in  figure  II.   The  brushes  were  mechan- 
ically rigid  hut  electrically  insulated  from  each  other. 

This  machine  was  first  tested  with  a  shunt  field  cob- 
nected  in  series.  The  supply  line  was  connected  through 
the  starting  rheostat  to  the  motor  brushes  (a,  a),  as  in- 
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dioated  In  Pig.  5.   The  load  was  oonneoted  to  the 
generator  terminals,  (b,  b),  through  a  douule  pole, 
single  throw  switch.  The  l compound  winding  was  not 
oonneoted  dnrlng  this  test.  Ammeters  were  placed,  in 
the  shunt  field,  main  line,  and  load  olroult.  Volt- 
meters were  plaoed  aoross  the  supply  line  and  the  load* 
In  this  test  the  maohlne  raced  with  an  Increase  of  load* 
excessive  sparking  oocured  at  all  brushes,  the  oommuta- 
tor  and  armature  became  hot  at  low  loads.  IThe  voltage 
regulation  was  extremely  poor,  in  all  oases  falling 
approximately  fifty  per  cent  at  half  load,  the  motor 
voltage  varying  but  sllgntly.  The  maximum  efficiency 
attained  by  this  machine  occurred  at  a  generator  vol- 
tage of  84.  and  a  load  of  50  amperes,  giving  an  effic- 
iency of  fifty- three  per  cent.  TSo   speed  Pioordlng  de- 
vise was  used,  but  at  this  point  the  machine  was  rac- 
ing dangerously. 

The  second  method  used  in  testing,  the  G.  S. 
Rotary  Converter  is  shown  dlagrammatloally  In  Pig,  2, 
The  motor  current  was  supplied  to  the  motor  brushes, 
(a,  a);  the  shunt  Held  was  connected  in  series  to  the 
controlling  rheostat  and  the  supply  circuit.  Leads 
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were  taken  from  the  generator  "brushes  through  the  com- 
pound winding  to  a  junction  point  forming  short  circuit- 
ed "brushes.  The  load  was  connected  hetween  this  junc- 
tion point  and  one  side  of  the  line  "by  means  of  a  double 
pole  switch.  Ammeters  were  placed  in  the  shunt  field, 
9t;q?ply  line,  each  leg  of  the  short  circuited  "brushes,  and 
in  the  load  line.   The  potential  of  the  supply  and  load 
was  recorded.  The  object  of  the  ammeters  in  series  with 
the  short  circuited  brushes  was  to  give  the  current  cir- 
culating through  the  generator  brushes  but  not  accounted 
for  in  the  load  circuit, 

Vhen  operating  the  machine  at  no  load,  the  ammeters 
in  the  short  circuited  brush  circuits  showed  no  current. 
However,  irtien  the  load  was  thrown  on  the  circulating  cur- 
rent reached  a  value  of  ten  per  cent  of  the  output.  This 
was  caused  by  a  difference  of  potential  between  short 
circuited  brushes,  due  to  the  shifting  of  the  commutat- 
ing  plane  with  respect  to  the  brush  position.  This  re- 
sulted in  severe  heating  of  the  compounding  turns.  More 
sparking  occured  at  one  brush  than  at  the  other,  exces- 
sive heating  of  the  armature  and  commutator  resiilted.  This 
connection  showed  a  marked  increase  in  speed  regulation. 
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It  was  possi'ble  to  obtain  an  efllolenoy  of  fifty-two  per 
oent.  I'lie  greatest  marked  advantage  of  tnls  method  over 
the  previous  one  was  voltage  regulation,  of  1*2  per  oent 
for  a  range  of  current  from  aero  to  fifty  amperes.  The 
dlffioulties  met  with  in  this  machine  were  due  to  its 
lap  wound  armature  and  the  interaction  of  field  flxix  due 
to  the  continuous  yoke* 

The  foregoing  preliminary  work  demonstrated  that  if 
we  were  to  obtain  a  machine  consisting  of  one  rotating 
member  and  one  commutator  capable  of  raising  or  lowering 
the  supply  voltage  any  pre-determined  amount  and  operate 
successfully  it  must  have^  a  ring  wovmd  armature,  in  or- 
der tnat  the  v^o   halfes  of  the  conductor  shall  not  be 
subjected  to  different  fluz  densities  at  the  same  instant 
and  tnat  there  must  be  two  complete  and  magnetically  iso- 
lated field  circuits,  in  order  to  prevent  tne  interchange 
of  flux. 

Having  determined     .  the  mechanical  requirements 
of  such  a  machine,  v/e  decifted  that  the  most  satisfactory 
method  of  prooeedure  would  be  to  use  two  Crocker-Y/heeler 
bipolar  motors.   Due  to  the  peculiar  construction  of 
tnis  type   of  motor,  it  was  posoible  to  mount  two  similar 
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maohines  alsout  one  rotating  member,  "by  outting  down  the 
length  of  the  field  poles. 

The  Bleotrio  Laboratory  was  equipped  with  one  suoh 
maohine,  rated  at  four  house  power,  and  mounted  on  a  #3 
frame.  A  second  bipolar  Croolcer-V/heeler  motor  with  a 
#S  frame  was  secured.  Hew  field  poles  of  proper  length 
were  designed  and  oast  of  mild  steel.   In  order  to  mag- 
netically insolate  the  generator  field  from  the  motor 
field,  the  iron  bearing  pedestals  of  one  maohine  were 
replaced  by  brass,  designed  especially  for  that  purpose. 
These  also  serve  to  aupport  one  magnetic  circuit  above 
the  other*  The  new  field  poles  were  bored  to  correct 
curvature;  due  to  the  pecuiiSar  construction  of  tne  ma- 
chine it  was  necessary  to  bore  the  halves  independent* 

Opon  examination,  we  found  that  it  was  necessary 
to  reconstruct  tne  field  coils.  These  were  found  to  b4 
of  #£2  sind  #23  x>.  &  S.  gauge,  double  cotton  covered 
wire*  respectively  for  the  two  maohines  used.  By  test 
these  colls  were  found  to  be  of  different  resistances* 
For  the  #22  B.  &  S.  coils,  56.1  ohms  each;  for  #23 
B.  &  S.  coils,  94.0  ohme  each.   It  was  deemed  neces- 
sary to  reduce  these  colls  to  the  same  number  of  turns* 
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This  was  aooompllshed  as  follows: 

The  mean  length  of  one  turn  #22  B»  &  S.  was  fotmd  to 
he  1.506  feet;  for  #23  B.  &  S.,  1»376  feet  per  turn.  From 
the  B.  &  S.  tahles  the  resistance  per  1000  feet  of  #22 
wire  is  15.9  ohms  at  20°  Centigrade,  for  #25  wire  the 
resistance  is  ly.93  ohme  per  1000  feet  at  20°  Centigrade. 
Therefore,  the  total  length  of  #22  B,  &  3.  per  coil  was 
3530  feet,  and  for  #23  B.  &  3.  per  coil,  was  4880  feet. 
The  turns  of  wire  per  coll  of  #22  B.  &  3.  were  2340; 
for  #23  B.  &  3.  were  3420.   Therefore,  it  required 
1080  turns  per  coil  of  #23  B.  &  3.  wire  to  he  removed 
in  order  that  all  ooils  should  have  the  ssuue  number  of 
turns.  After  correcting  these  ooils,  a  test  of  the  two 
coils  of  #23  B.  Sc   8.,  in  series,  showed  140  ohmB   resis- 
tence.  For  the  two  ooils  of  #22  B.  &  3.  in  series,  the 
resistenoe  was  129  ohms. 

In  figuring  for  the  flux,  the  inside  diameters of 
the  ooils  were  for  #22  B.  &  3.,  4.25  inches;  for  #23 
B.  &  S.  3.75  inohes;  giving  effected  arsas  of  14.16  and 
11.06  square  inohes  respectively.   For  the  coils  of 
#22  wire  the  effective  flux  was 

ii  =  48  X  14  »  672  turns. 
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This  oorreapondB  to  fourteen  tiirna  per  flection,   and 
forty-eight  sections  on  tne  armature. 

If  E  -  Volts. 

n  *  Speed  in  revolutions  per  second 

g^  ■  liumber  of  poles. 

jj^B  •Wumber  of  paths  in  parallel 

<p   s  dumber  of  lines* 
Then 

'   p2n 
,;  .  110  X  2  X  10® 


2  X  672  X  15 

^  =  1,090,000  lines. 

^  =  ^  =  77,000  lines. 

For  ooils  of  #23  B.  &  3.  wire. 
^  ,  110  X  2  X  108 

2  X  672  X  17.5 

0  »  937,000  lines. 

^   =  84,900  lines* 


In  figuring  the  compounding  to  he  placed  on  the  motor 
field,  the  current  density  was  taken  at  one  thousand  cir- 
cxilar  mills  per  ampere.   This  requires  a  wire  of  25,000 
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oiroular  mils,  oorrespondlng  to  a  diameter  of  •Ibti   Inohes. 
A  #8  B..&  S«  wire  having  a  bare  diameter  of  .12<80  tnolieB 
was  ohosen,  with  a  double  ootton  oover,  its  diameter  is 
•142  Inches.  The  number  of  turns  per  layer  per  pole  ia 
equal  to  the  spaoe  aoross  the  coil  divided  by  the  diameter 
of  the  wire,  in  this  case,  3«5  inches  divided  by  ,142  in- 
ches which  equals  approximately  twanty-four  turns.  Eight 
layers,  giving  196  turns  were  used.  These  were  placed  98 
turns  per  pole.  Witn  a  mean  length  of  nineteen  inches  per 
turn  it  required  310  feet  or  15.5  pounds  of  #8  B.  &  a*   wire. 
The  resistence  of  these  coils  was  .093  ohms,  and  .093  ohms 
respectively.  Taps  were  brought  oug  from  the  central  por- 
tion of  the  compounding,  the  resiiitenoe  of  this  portion  was 
•0413  and  •0413  ohms  respectively. 

The  shtmt  coils  were  connected  so  that  the  generator 
and  motor  fields  were  multipled  across  the  supply  circuit. 
They  were  placed  in  multiple  to  increase  the  current  through 
each  coil,  which  resulted  in  an  increase  of  fluz  per  pole, 
and  a  reduction  of   speed.  The  brush  gear  consisted  of  a 
rigid  rocKer  arm,  carrying  the  motor  brushes  la,  a).   The 
generator  brushes  were  carried   on  independent  rockerg, 
whose  relative  position  could  be  changed  at  will. 
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The  line  ourrent  was  delivered  to  the  motor  brushes 
(a,  a)  which  were  placed  in  the  vlrtioal  plane  as  shown  In 
Fig.  4.   The  generator  "brushes,  (»•,  hj,  were  short  oirouited 
through  the  compound  winding  on  poles  Z   and  4.  Poles  3  and 
4  being  gener&tor  poles  for  step  down  and  motor  poles  for 
step  up  transformations.  The  load  was  connected  between  the 
Junction  point  of  "Sie  short  circuited  brushes  and  one  side  of 
the  supply  circuit.   Under  normal  conditions,  when  there 
Is  no  circulating  current  flowing  tnrough  the  armature  a- 
cross  the  short  circuited  brushes,  each  brush  and  each  main 
coil  will  be  carrying  half  djhe  secondary  load  ourrent j  if, 
however,  a  circulating  current  arises,  it  will  tlow  in  op- 
osition  to  the  load  ciirrent  in  one  coll  3,  and  in  conjunc- 
tion with  a  load  in  the  other  coil,  4;  in  effect.  Therefore, 
the  current  in  coll  5,  will  be  less  tnan  in  4,  and  if  these 
coils  are  suitably  coupled  up,  will  nave  the  effect  of  cor- 
recting or  preventing  the  short  circuited  current  from  ris- 
ing to  any  considerable  value,  in  other  words,  as  the  cur- 
rent in  coil  3  is  less  than  the  ctirrent  in  coil  4,  the  m.m.f.. 
of  pole  3  is  less  than  the  m.m.f.  of  4,  and  this  tends  to 
cause  a  greater  voltage  to  be  generated  under  pole  4,  than 
under  pole  3,  thus  opposing  the  voltage  which  xa  creating  the 
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oircnlating  oturrent. 

In  oomiecting  tnis  maohine,  anmeters  were  placed 
In  the  field  circuit,  line  circuit,  and  load  circuit. 
Yoltmeters  were  connected  across  the  supply  and  sec- 
ondary terminals,  an  alternating  current  voltmeter 
was  connected  across  the  brushes  (Id,  b)  to  give  the 
differente  of  potential  between  them,  which  v;as  re- 
sponsible for  the  short  circuited  currenx.  A  magneto 
and  voltmeter  was  calibrated  to  give  the  speed.   The 
magneto  being  belt-driven  from  the  armatiire  shaft* 
For  starting  a  carbon  pile  rheostat  was  inserted  in 
the  supply  line.  This  was  parallelled  by  a  short 
circuiting  switch  which  was  closed  when  the  machine 
was  up  to  speed*   ;:>uitable  protective  apparatus  was 
installed  in  the  linOi^  the   load  was  taken  up  by  car- 
bon piles  on  low  voltage,  and  lamp  racks  in  series 
on  high.  All  instruments  were  calibrated  before  and 
after  the  test.  Curves  for  these  are  included  in 
this  report. 

Runs  were  taken  for  both  full  and  half  compound- 
ing at  potentials  varying  from  thirty-three  to  eighty 
volts  on  the  secondary  side,  and  for  full  compounding 
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from  142  to  220  volts  on  the  secondary  side.  When  rm 
ning  the  machine  as  a  step  up  transformer  the  fields 
were  supplied  from  the  generator  siae  In  order  to  keep 
down  the  speed. 

Several  preliminary  runs  were  necessary  and  con- 
siderable adjusting  was  required  to  eliminate  the 
pounding  due  to  magnetic  drag.  This  oonsisted  in  re- 
adjusting the  air-gaps,  which  also  resulted  in  elim- 
inating the  sparking  at  all  brushes.  Dtiring  the  pre- 
liminary r\ms,  when  the  machine  reached  about  forty 
per  cent  full  load,  pounding  began,  but  this  decreased 
as  full  load  was  applied.   This  was  found  to  be  due 
to  the  air-gap  on  one  of  the  generator  poles  being 
too  small, which  caused  the  armature  to  be  dragged  to- 
wards that  pole,9S  the  effect  of  the  compounding 
increased,  this  was  counteracted, by  the  flux  of 
the  compuunding  acting  against  the  flux  of  the 
shunt  winding  and  also  as  the  flux  of  the  opposite 
generator  pole  increased,  it  drew  the  armature  toward 
it  •   The  commutator  was  slightly  rough,  causing  a 
chattering  of  the  brushes.  After  several  applica- 
tions of  sand-paper,  the  greater  part  of  the  uneven- 
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ness  was  ellznlnated.  It  was  thought  advisable  not 
to  turn  the  oonunutator  down  on  aooount  of  a  small 
diameter* 

Throughout  the  final  runs  the  rotary  transform- 
er showed  nearly   constant  speed  for  all  loads  when 
fully  compovmded,  when  using  the  half-oompounding 
taps,  there  was  an  dppreolahle  increase  in  speed,  in 
some  instances  amounting  to  fifteen  per  cent.  The 
results  tak^n  from  the  enclosed  data  are  tahxilated, 
for  one-half  and  roll  load,  as  follows. 


Pull        Half 
Compounding  Compounding 
E  E, 


2  2 

i3 


96 

40 
45 
55 
70 

72 
80 


35 


70 


Half 
Load 

Eff. 

Full 
LOad 

Eff. 

49.1 

57.7 

61 .2 

71.8 

60.0 

68.0 

61.9 

72.9 

66»6 

76.8 

68.2 

76.4 

76.4 

80.5 

71.7 

79.6 

70.6 

80.8 

74.6 

84.0 
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This  data  shows  that  in  eaoh  oase  the  half  load 
efficiency  Is  relatively  very  high;  also  that  the  ef- 
ficiency Increases  as  the  secondary  potential  increases* 
The  effect  of  componnding  is  to  Increase  the  efficiency 
in  eaoh  case*  The  voltage  regulation  is  mucn  impro]red 
by  tne  use  of  the  full  compounding. 

A  suinmary  of  the  results  for  the  rotary  trans- 
former used  to  step  up  are  given  below* 


Pull 
Compounding 
Eg 

Half 
Load 
Bfi. 

Full 
Load 

Bfi. 

142 

69.2 

78.0 

150 

72.8 

79.4 

175 

67.7 

72.3 

£10 

50.0 

59.6 

220 

47.6 

61*3 

The  limited  range  of  load  obtained  on  this  ma- 
chine due  to  its  small  capacity  and  high  voltage, 
give  a  very  limited  working  range*  But  the  re- 
sxilts  obtained  demonstrated  that  it  is  entirely  pos- 
sible to  use  this  machine  tor  stepping  up  tne  vol- 
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tage.  Throughout  the  runs  the  Initial  speed  was  much 
increased  over  the  speed  of  the  niaohlne  when  used  as 
a  step  dovm  transformer,  "but  did  not  show  an  apprecia- 
ble increase  during  the  range  of  the  load*  This  may 
he  accounted  lor  hy  the  relatively  small  portion  of 
the  flux  "being  active  in  generating  a  counter  e.m#f» 
in  the  motor  portion  of  the  armature.  The  voltage 
regulation  is  hut  a  small  peracentage*   ^parking  in- 
crease with  the  increase  of  speed  due  to  poor  commuta- 
tion. 

A  second  method  of  connection  was  attempted* 
This  consisted  in  connecting  the  two  generator  ter- 
minals to  the  load  at  what  was  previously  a  short 
circuiting  point.    'ihis  was  practically  operating 
the  machine  as  a  separate  motor  and  generator,  'Ihe 
result  was  a  rapid  decrease  in  generator  voltage  with 
an  increase  in  load,   sparking  ocoured  at  low  loads 
and  the  speed  decreased  rapidly. 

A  heat  run  of  eight  hours  was  taken; during  the 
first  two  the  machine  was  operated  at  an  over  load  to 
heat  the  windings,  during  the  remaining  six  hours  it 
was  loaded  normally.  All  readings  remained  practical- 
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ly  oonetant.   The  temperature  inoreased  twenty  anfl.  a 
half  degrees  Centigrade  by  the  thermometer  method,  and 
twenty-six  and  a  half  degrees  Centigrade  hy  the  change 
of  resistenoe  method.  Throughout  the  runs  there  was 
sparkiess  commutation,  even  running  and  no  apparent 
strain  put  upon  tne  machine  at  any  time* 

For  the  several  metnods  of  wiring  the  machine  to 
Tvai   as  a  rotary  transformer  for  direct  current  work, 
hut  one  was  of  commercial  value*  The  test  of  the  Stow 
motor  and  Botary  Converter  demonstrated  the  imprao- 
titility  of  attempting  to  run  a  machine  composed  of 
a  solid  magnetic  yoke,  due  to  the  interaction  of 
magnetic   fields,  wnioh  eliminates  the  voltage  regu- 
lation„oOr,  the  use  of  any  type  of  armattire,  except 
the  ring  wound,  due  to  the  cutting  of  unequal  num- 
bers of  lines  of  force  by  opposite  sides  of  the  same 
conductors,  which  is  equivalent  to  an  open  cKlrouitetl 
coil  at  two  positions  in  the  field* 

Further,  it  was  found  entirely  satisfactory  to 
employ  a  machine  of  two  magnetically  insolated  yokes, 
and  a  ring  wound  eormature*  First,  because  either  the 
generator  or  motor  field  could  be  changed  without  re- 
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gard  of  tJie  other,  thus  giving  a  means  of  oontrol- 
llng  the  speed  and  voltage  regtilatlon.  The  ring- 
wound  armature  was  found  to  work  setlsfaotorlly, 
due  to  the  tact  tiiat  hut  one  side  of  the  conductor 
cuts  the  field  flux  at  any  time,  and  consequently 
has  no  tendency  to  set  up  opposing  voltages  in  the 
inductor.  It  was  found  possible  to  place  a  series 
winding  on  the  generator  field,  which  automatically 
controlled  the  voltage  at  all  loads. 

This  type  of  machine  was  fotmd  to  give  an 
efficiency  which  surpasses  the  motor-generator  sets 
or  dynamotors.   It  requires  less  floor  space,  has 
fewer  parts,  and  costs  less.   It  can  he  used  for 
any  purpose  that  either  of  the  above  mentioned  ma- 
chines are  praetioal«  teslde  having  the  character- 
istic of  operating  on  short  circuits  with  but  a 
slight  Increase  over  normal  current. 
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